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(&) A manual intervention method for adjusting the 
position of an industrial robot by manual operation 
while the industrial robot is automatically operated. 
The robot is shifted to the mode where manual 
transfer is possible by a service code (52) to adjust 
the position of the work of the industrial robot by 
manual transfer (S3,S4). A signal of fulfillment is 
given from the outside after the correction is finished 
(S5), and the adjustment value obtained by the man- 
ual adjusting operation is stored as a correction 
value in a memory (S6). This value can be used as 
an adjusting value for the next run. Since an adjust- 
ment is unnecessary or a minute amount of adjust- 
ment suffices for the assembly of the next work, the 
efficiency of assembly is enhanced. 
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MANUAL INTERVENTION SYSTEM FOR AN INDUSTRIAL ROBOT 



Technical Field 

The present invention relates to a manual inter- 
vention system for an industrial robot, and more 
particularly, to a manual intervention system per- 
mitting a fine adjustment of a workpiece position 
during an automatic operation of an industrial robot- 



Background Art 10 

Conventionally, when executing assembly work 
by an industrial robot, the position of a workpiece 
must be adjusted due to a low positioning accuracy 
of the line or variations of the workpieces. Accord- 75 
ingly, the position of the workpiece is manually 
adjusted after suspending the program, or is auto- 
matically adjusted by using a visual sensor. 

According to the method in which the program 
is suspended, however, the interlocking with pe- 20 
ripheral equipment is complex, and operations 
such as a change of mode and restarting of the 
program become complicated. 

Further, according to the method in which the 
visual sensor is used, the cost of the sensor itself 25 
is high, and specific restrictions are imposed on 
the shape and material of the workpiece and the 
illumination conditions. Where the brightness of the 
environment changes depending on the time zone 
or the weather, for example, it is difficult to use the 30 
sensor, and it is hard to identify an accurate posi- 
tion from a point on or edge of a curved surface. 



Disciosure of the Invention 35 

The present invention has been created in con- 
sideration of these circumstances, and an object 
thereof is to provide a manual intervention system 
for an industrial robot, by which a workpiece posi- 40 
tion can be easily adjusted during an automatic 
operation of the industrial robot. 

To solve the above problem, according to the 
present invention, there is provided a manual inter- 
vention system for an industrial robot, able to ad- 45 
just the position of the robot by a manual operation 
during an automatic operation of the industrial ro- 
bot, in which the manual intervention system for an 
industrial robot is characterized in that a manual 
feed state is established by using a service code, 50 
the position of a workpiece for the industrial robot 
is adjusted by the manual feed, a completion signal 
is given from outside after the correction Is com- 
pleted, an adjustment value obtained by the man- 
ual adjustment operation is stored as a correction 



value, and the next operation program is entered. 

When the service code for manual intervention 
is input, the robot control apparatus prepares for a 
manual intervention. In this state, the operator man- 
ually adjusts the actual position of the workpiece, 
and when the adjustment is completed, a termina- 
tion signal is input to the robot control apparatus. 
The value of this adjustment is stored in a memory, 
and thus can be used as a correction value for the 
next cycle of operation. 



Brief Description of the Drawings 

Fig. 1 is a flow chart showing the processes 
used in a manual intervention system for an indus- 
trial robot according to the present invention; 

Fig. 2 is a diagram showing an example of an 
automobile assembly line according to an embodi- 
ment of the present invention; 

Fig. 3 is a block diagram of the hardware of a 
robot control apparatus; and 

Fig. 4 is a diagram showing an example of a 
program by which the present invention is carried 
out. 



Best Mode of Carrying Out the Invention 

One embodiment of the present invention will 
now be described with reference to the drawings. 

Figure 2 shows an example of an automobile 
assembly line according to the embodiment of the 
present invention, wherein a robot 1 is controlled 
by a robot control apparatus 10, and a front window 
of an automobile 4 is held on the distal end of an 
arm 2 of the robot 1 and is attached to the auto- 
mobile 4. In general, the positioning accuracy for 
automobiles in automobile assembly lines is not 
high, and thus the operator must adjust a pro- 
grammed position of a workpiece to the actual 
position of the automobile. The present invention is 
intended to allow such a workpiece positioning to 
be easily carried out 

Figure 3 is a block diagram of the hardware of 
the robot control apparatus. In accordance with a 
system program stored in a ROM 12, a processor 
1 1 controls the movement of the robot 1 through a 
program 14a. A RAM 13 is used to temporarily 
store various data, and a program 14a determining 
the operation of the robot, a parameter 14b, and an 
offset amount 14c for correcting the position of the 
robot, etc., are stored in a nonvolatile memory 14. 
The nonvolatile memory 14 is a CMOS and is 
provided with a back-up power source, such as a 
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4 



battery, so that the stored items can be maintained 
even when the power supply to the robot control 
apparatus 10 is cut off. 

A teaching pendant 21 is connected to a serial 
interface 15, and the operator gives instruction to 
the robot by using this teaching pendant 21 . 

An input/output circuit 16 receives input signals 
from or delivers output signals to a control panel or 
machine control circuit provided on the user side. 
The Figure shows a manual intervention termina- 
tion signal FIN and an axis move command signal 
AXM for controlling the manual operation of the 
robot 1, which are particularly essential. 

When receiving a position command from the 
processor 11, position control circuits 18a to 18n 
send speed commands to servo amplifiers 19a to 
19n, which drive servomotors 20a to 20n. These 
elements are provided for each of five or six axes, 
depending on the robot, and the various axes of 
the robot 1 are driven by these servomotors 20a to 
20n. 

The processor 11 and other elements, such as 
the ROM 12, are interconnected by a bus 17, and 
data is transferred therebetween through the bus 
17. Although only one processor 11 is described, a 
plurality of processors may be used to thereby 
constitute a multiprocessor system. 

Figure 4 shows an example of a program by 
which the present invention is carried out. This is 
an example of a program for adjusting the position 
of the front window of the automobile shown in Fig. 
2. 

In n N1l1", the first n S63" is a service code 
which selects work coordinates 21 and an offset 
data group 1 . This coordinate system is defined by 
the user. When a command is given for a manual 
operation based on the teaching in this coordinate 
system, the robot control apparatus uses this com- 
mand to determine the movements of individual 
joints, and controls the arm of the robot so that the 
arm is moved in accordance with the command. 

The second "S63" selects the work coordi- 
nates 1 and the offset data group 1 to be used. 
Two coordinate systems are used in this case. BE 
indicates a block end. 

Then, in M N211" f "G45" sends a command for 
an offset correction. When an adjustment operation 
is performed by a manual intervention, the adjust- 
ment value is stored as an offset value for execu- 
tion in the next cycle of operation. "L rt and "F50M" 
indicate a rectilinear command and a speed com- 
mand, respectively. 

In T, N212" f "S66" is a service code which 
reduces the acceleration/deceleration time con- 
stant, "S89" establishes a manual adjustment feed 
mode such that the robot can be controlled in 
accordance with an external manual command, and 
an adjustment operation is performed. Thus, when 



°S89, 1, 1" is executed, the control is switched 
from a normal mode to a manual adjustment mode, 
whereby a manual adjustment feed is allowed. The 
first figure n 1", which follows n S89*\ specifies a 
5 selection of a manual operation termination signal. 
Namely, this service code indicates that a first 
termination signal is valid. The final figure des- 
ignates the offset group number. Accordingly, the 
manual adjustment value is stored as a correction 

io value in the offset group 1, and when the termina- 
tion signal FIN is output the automatic operation 
mode is restored and the remaining part of the 
program is executed. 

In the manual adjustment feed mode, the robot 

is can be manually operated by changing the level of 
the external axis move command signal AXM. Pos- 
sible operations include an operation along straight 
lines in the directions of the X- and Y-axes of a tool 
coordinate system assigned by the user, and an 

20 operation for a rotation around an axis parallel to 
the Z-axis, while the distal end point of a tool is 
kept at a fixed position. 

The correspondence between the operating di- 
rections and signal used as operation commands, 

25 the speeds of these operations (for a rectilinear 
operation), and individual speeds (for a rotating 
operation) can be assigned by using parameters. If 
the termination signal FIN is output during the 
operation, the operation is immediately stopped, 

30 and the automatic operation mode is restored, 
whereupon the remaining part of the program is 
executed. 

When the operation mode returns from the 
manual adjustment feed mode to the automatic 

35 operation mode at the leading edge of the termina- 
tion signal FIN, the robot automatically calculates a 
value for the positioning in the manual adjustment 
feed mode as correction data "G45 n , and stores 
that data in an assigned offset data group. There- 

40 after, if this offset data group is selected, the same 
amount as used in the operation in the manual 
adjustment feed mode is corrected and retrieved at 
the point where "G45" is output as an instruction. 
Whether only the value for the present correc- 

45 tion is stored as the correction data to be stored in 
the offset data, or whether the value obtained by 
adding the value for the present adjustment to the 
previously stored data is to be stored can be 
assigned by using a parameter. Normally, the latter 

50 case is selected, "G45* 1 is output as an instruction 
to the point instructed by "S89, 1" (where 1 des- 
ignates a termination signal), and the position at 
this point is regarded as a position which reflects 
the previously fetched data. In this arrangement, 

55 the offset data of the group used for- the first cycle 
must be cleared. 

In "N213", "S66" is a command which restores 
the acceleration/deceleration time constant. The 
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acceleration/deceleration time constant is changed 
at the time of a manual intervention, because the 
speed ation is so low that the 

acceleration/deceleration time constant is not re- 
quired. 

Figure 1 is a flowchart showing the processes 
used in a manual intervention system for an indus- 
trial robot according to the present invention. In this 
drawing, the figure which follows S designates the 
step number. 

In Step S1, a normal positioning is effected. 

In Step S2. whether "S89" has been output is 
determined, and if output the program proceeds to 
S3. 

In Step S3, it is determined whether or not the 
external manual axis move command signal AXM 
is present If present the program proceeds to S4, 
and if not, the program proceeds to S5. 

In Step S4, a manual intervention is made, 
namely, the axis move command signal AXM is 
input, and thus a required movement is carried out. 

In Step S5. it is determined whether or not the 
manual intervention completion signal has been 
input. If input the program proceeds to S6, and if 
not, the program returns to S3, whereupon the 
operation for the manual intervention is continued. 

In Step S6, the manual intervention is com- 
pleted, and the value for the adjustment is fetched 
into the assigned offset group. 

When the manual intervention is completed, 
the normal positioning is continued, and thus the 
position of the workpiece can be easily adjusted. 

Although the assembling of the front window in 
the automobile assembly line has been described 
by way of an example herein, the present invention 
is not limited to such an example, and may be also 
applied to the adjustment of the positions of work- 
pieces in other assembly lines. 

According to the present invention, as de- 
scribed above, a specific service code is used to 
establish a manual intervention state such that the 
axis can be manually moved to adjust the position 
of the workpiece, so that the operator can easily 
adjust the position of the workpiece. 

Since the adjustment value can be stored as 
offset data, moreover, no adjustment is required or 
only a fine amount of adjustment is needed when 
assembling another workpiece, and thus the as- 
sembling efficiency is improved. 



a manual feed state is established by us- 
ing a service code; 

a position of a workpiece at the industrial 
robot is adjusted by a manual feed; 
5 a completion signal is given from outside 

after the adjustment is completed; 

an adjustment value obtained by said man- 
ual adjustment operation is stored as a correc- 
tion value; and 
70 the next operation program is entered. 

2. A manual intervention system for an industrial 
robot according to claim 1, wherein a manual 
adjustment value for the next cycle is added to 

is said correction value to provide another correc- 

tion value. 

3. A manual intervention system for an industrial 
robot according to claim 1 , wherein said man- 

20 ual adjustment is made by a user-defined co- 

ordinate system. 

4. A manual intervention system for an industrial 
robot according to claim 1 , wherein said man- 

25 ual intervention is carried out during the as- 

sembly of a window for an automobile in an 
automobile assembly line. 
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Claims 



1. A manual intervention system for an industrial 

robot, able to adjust the position of the robot 55 
by a manual operation during an automatic 
operation of the industrial robot, the manual 
intervention system being characterized in that: 
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